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Abstract 
Production Ramp-Up is a highly iterative process in itself, which means, that failures occurring during the Ramp-Up phase have immediate 
consequences to the following steps and cause corrections. The complexity of products and production systems cause instabilities during 
Ramp-Up which lead to a lack of performance. Instabilities also depend on the level of products’ maturity prior to the Ramp-Up phase. Thus 
increasing product maturity can be seen as a facilitator to improved Ramp-Up performance. In product development a lack of long-term 
iterations for the improvement of product quality can be observed. This means, that knowledge from field failures is used to improve current 
products and processes, but is neglected for the improvement of future product generations. The aim of this paper is to redesign Technical 
Complaint Management in order to enable long-term effects on failure based learning. To achieve this, a decision model is derived which 
enables companies to select the best fitting strategy for long-term complaint knowledge transfer. From this, different strategies for long-term 
knowledge transfer will be developed. 
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1. Introduction 
Production ramp-up as part of the product development 
process is of a highly iterative nature. This means that 
learning procedures are part of the daily business of each new 
ramp-up. While these ad-hoc learning incidents have become 
common practice, long-term learning of organizations still 
lacks a broader implementation. [1] Even though research 
addresses great financial and quality potential to Failure 
management and Technical Complaint Management (TCM) 
to be sources for improvement, the long-term effects lag 
behind. [2,3,4] 
The aim of this research paper is to present a design model 
and a decision model, which serve as enablers for the 
structuring of TCM focusing the long-term knowledge 
transfer. It builds on former research on TCM structures [4,5]. 
Its intention is to present an approach how technical 
complaint management (TCM) can serve as a vehicle for the 
generation and use of knowledge from negative customer 
feedback for future product generations.  
In the first part the state of art of approaches to TCM and 
failure handling is briefly named. Based on a general model 
for TCM, the long-term knowledge transfer is described in a 
more detailed way. Afterwards a preliminary decision model 
is described, which is partly  based on an expert study.   
2. Approaches to Technical Complaint and Failure 
handling 
This chapter should give a rough overview of research in 
technical complaint and failure management. As there is a 
high degree of redundancy between both fields, general 
approaches are often applicable vice verse. The reference 
model for failure handling, which was developed in the 
research project SAFE, offers a general overview of tasks in 
failure as well as technical complaint management. [6] 
Additional models for failure handling and technical 
complaint management were developed by SCHMITT, PFEIFER 
as well as BEAUJEAN in the so-called Quality Backward 
Chain.[7,8] These reference models have a holistic view and 
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 3rd International Conference on Ramp-up Management (ICRM)
100   Alexander Linder et al. /  Procedia CIRP  51 ( 2016 )  99 – 104 
are very versatile. Approaches to Failure description can be 
found mainly in older research. ORENDI addressed the topic of 
failure evaluation by means of the widest possible failure 
classification system. [9] The model of LASCHET describes a 
procedure for preparation of failure classification, based on a 
concept of OPITZ. [10,11]  
The most current approach from PLACH entails a text-based 
description of the failure with exclusive syntax to prevent 
reoccurring and a statistically based guide system [12]. In 
addition, there are specific approaches, for example by 
KIRATLI, the relative classification of failure species 
developed on cutting manufacturing facilities [13]. 
HORNAUER provides a catalog, which is used for classification 
of failure types and causes in the field of sheet metal forming 
[14]. EBNER pursues the goal of designing a phase-wide, 
computer-aided quality management into the product lifecycle 
phases development and utilization [15]. RUETTHARD focused 
in his approach on the feedback of experience in the stages of 
product planning and emergence with the example of complex 
sheet metal parts [16]. In the international context, failure 
management is hardly researched. Here procedural 
approaches, such as error secondment in software 
development and approaches to error culture, exist. CHIEW 
and WANG recommend a generic problem solving process in 4 
steps [17]. Also GOLDSZMIDT and MALEK et al. describe a 
modified reference process in 4 steps, which is based on the 
PDCA cycle [18]. HIRMAPOUR and SCHOFIELD developed a 
data-driven approach for software errors [19]. SCHEEL and 
HAUSSMANN dealt with aspects of error culture in the 
company and the influences on performance measures [20]. 
To this was added by VAN DYCK a study which investigated 
the correlation between the error culture and organizational 
performance [21].  
The named approaches are laying the base for further 
research on the specific topic of sustainable technical 
complaint management. Especially the few publications on 
failure classification are essential to the ability of companies 
to handle failures in a data-oriented way. Nevertheless, the 
known process models neglect the necessity of additional 
approaches to sustainability improvement in TCM.  
3. Design model for long-term Knowledge Transfer 
Prior research by the authors has proven the need for 
enhancing the sustainability of TCM, by adding activities of 
failure knowledge transfer and usage to the known process 
models [4,5]. Accordingly, a process phase of long-term 
knowledge transfer is concretized in the following. The design 
model is the basis for following detailing as part of a 
developed decision model. 
The phase of long-term knowledge transfer is following the 
stages of data organization, failure identification and failure 
correction, that have been introduced by KRISTES AND EFFEY 
[22,23]. Thus, the tasks are based on the results of these 
preliminary phases. For further description of the design 
model, it makes sense to choose an appropriate regulatory 
framework. A framework provides an outline of a model on a 
high level of abstraction, thus forming a kind of a backbone. 
In the case of long-term knowledge transfer it seems natural 
to refer to the tasks of knowledge management as a 
framework. Already EFFEY based his work on the tasks of 
knowledge management by Probst and built his design model 
for the organization of data accordingly. According to EFFEY 
the tasks of knowledge identification, knowledge acquisition 
and knowledge development are mainly in the phase of data 
organization, the further stages are marked clearly by the 
knowledge distribution and use of knowledge. Facing the 
challenges of long-term use of complaint information, 
particularly with regard to the need for an addressee-oriented 
presentation of the information, this view must be questioned. 
Technical complaint management is to be understood as a 
continuous process of knowledge development, wherein the 
objectives of the development of knowledge in the different 
phases diverge. In the phase of data organization the 
enrichment of the complaint data with additional internal and 
external data is in the foreground, with the aim to understand 
the complaint underlying error. In the following phases, this 
data is enriched by analysis and evaluation of cause and 
action information, thus resulting in the complete complaint 
information. The goal of long-term knowledge transfer then is 
to provide relevant knowledge for the improvement of future 
product generations. This objective differs from the 
previously pursued goal of short- and medium-term correction 
Figure 1 Design model for Long-term knowledge transfer 
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of the defect. 
Because of the different objectives it does not make sense 
to conduct long-term knowledge transfer based solely on the 
previously developed knowledge. Rather, the phases of the 
knowledge identification, knowledge acquisition and 
knowledge development must be carried out again, to proceed 
purposefully. Thus, the tasks of knowledge management can 
also be used as a framework for the phase of long-term 
knowledge transfer. 
The developed design model is divided into three modules 
which are the acquisition module, the analysis module as well 
as the distribution and use module. The activities knowledge 
identification, knowledge acquisition, knowledge 
development, knowledge sharing, knowledge utilization and 
knowledge retention can be assigned to these modules. The 
described modules represent a rough model for long-term use 
of complaint information. The contents of the modules will be 
described below.  
 
3.1 Acquisition module 
Detection of complaint information 
The detection of complaint information forms the 
beginning of the model. As input the full complaint 
information serves, which includes all details to the 
originating event of failure. The aim of the acquisition is the 
collection of the relevant complaint information and thus the 
creation of an information basis for the long-term complaint 
information use. For this purpose, it is particularly necessary 
to achieve enterprise-wide knowledge transparency with 
respect to the complaint information. The cost of the 
acquisition at this point to a large extent depends on the 
previously conducted complaint handling, its documentation 
and organizational structure. Distinctions can be made 
between machine-readable digitized documentation and  
personalized partially paper-based documentation, while a 
digitization of information is advantageous for further 
processing. On the other hand, a centralized organization is to 
be distinguished from a distributed organization in terms of 
complaint handling. Particularly in the case of a distributed 
organization, merging the complaint information from the 
different units poses a challenge. 
 
Filtering 
Within the model, filtering of information is carried out 
during the acquisition phase as a next step. Due to limited 
resources for complaint handling, TCM processes incur a kind 
of prioritization in order to apply these resources in a target-
oriented way. The same applies to the long-term use of 
complaint information. Not all complaint information is 
relevant for further use. Thus,  an evaluation  of the existing 
complaint information has to be carried out, in order to 
process only information that is relevant for future product 
generations. This filtering can be carried out by multi criteria 
assessments and is partly company specific. After a successful 
filtering there is only critical complaint information which is 
processed to the next module.  
 
 
 
3.2 Analysis module 
In the analysis of complaint information there is a  
difference made between the single case and the general 
analysis. In the individual case analysis particularly relevant 
complaint information is analyzed to determine whether they 
contain knowledge for future product generations. Examples 
could be complaints, which are directly attributable to an error 
in production. The error shutdown would be complete in this 
case for example, with an exchange of the tool. But in order to 
learn for future product generations, these complaints also 
provide the basis for planning processes to improve. For this 
purpose further analyzes are needed, which are carried out in 
an analysis of individual cases, for example, with an event-
oriented process chain analysis (EPA). The case analysis thus 
allows fast feedback and use of  relevant complaint 
information. 
The holistic analysis accesses the comprehensive 
complaint information of a company. Prerequisite to this, is 
the documentation of the information in a repository and its 
structuring in adequate failure patterns. With the help of 
knowledge discovery based in databases (KDD), similarities 
and abnormalities can be detected. This correlation based 
approach allows companies to identify corresponding failure 
patterns independent of the business unit.  
 
3.3 Distribution and use of the information  
Complaint information can be utilized within the company 
with different objectives, whereof the conceptual and 
instrumental use have the highest relevance, since they can be 
considered as the basis for the improvement of products and 
processes. 
In the instrumental use of complaint information decision 
situations are supported so that they evoke certain decisions or 
acts by related persons. An information, in this case is a timer, 
whose activation follows a certain activity. This form of use is 
very diverse, because they can control corporate processes in 
a wide range. The conceptual use of information describes a 
processing of complaint information that leads to an 
improvement of the general understanding of situations or 
processes [24]. In this way, important insights and 
background information in different areas on the inclusion of 
information can be collected. This can for instance be used for 
the improvement of existing products as well as new products 
[25]. 
4. Towards a Decision Model for Long-term Knowledge 
Transfer 
Obviously the above shown tasks of the design model can 
be carried out in different ways and with several tools. The 
aim of the following chapter is to describe the way to a 
decision model. This model should help companies to choose 
the wright strategy for their long-term knowledge transfer. 
The preliminary model consists of three layers, i.e. TCM 
specific targets, Expert evaluation (general KM) and TCM 
specific KT strategies. In the following a focus lies on the 
level of expert evaluation. As part of the decision process 
preferred knowledge management projects in accordance to 
knowledge management targets are identified in an expert 
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study. The targets and projects, which are taken from former 
research, are briefly described and the results of the expert 
study are discussed [26,27]. 
 
4.1 Knowledge Management Objectives 
Transfer of Knowledge and best practices 
 
This strategy focuses on systematic approaches to re-use 
and dissemination of best practices in business. It is the aim to 
provide knowledge available there and anchor where it can be 
used for improvement of processes, products and services. As 
elements of this strategy, systems and approaches for the 
collection, organization, reconfiguration and dissemination of 
knowledge are constructed. The transfer of knowledge can 
take place both codified as well as on personalized basis. The 
strategy of "transfer of knowledge and best practices" is one 
of the most common forms. 
 
Knowledge Management as a Business Strategy 
 
The most comprehensive and enterprise-wide approach to 
knowledge management is the anchor within the corporate 
strategy. Companies that follow this strategy believe that 
knowledge management is central to their competitiveness. 
Common knowledge is seen as the main product of these 
companies. With this background, the knowledge 
management is associated with significant resources, which 
are used mostly not centralized but distributed in all units. 
Often targeted roles are introduced which control the 
knowledge management. As such, for example, so-called 
knowledge Champions mentioned. Classically, this strategy is 
being pursued in many consultancies. 
 
Customer-focused Knowledge 
 
The customer-oriented knowledge management focuses on 
the acquisition of knowledge about the company's customers 
with regard to their needs, preferences and developing their 
own business. Knowledge about the problems of the customer 
is used to improve and adapt in order to increase sales deals.  
 
Personal Responsibility for Knowledge 
 
This strategy is based on the assumption that the 
employees are the drivers and managers of knowledge 
development and knowledge transfer within the company. 
The Corresponding the individual is granted great 
responsibility in this strategy. This knowledge management 
strategy is based less on "top-down" requirements for 
implementation, but on the initiative of the knowledge holders 
themselves. 
 
Intellectual Asset Management Strategy 
 
The management of intellectual assets includes the 
renovation, organization, evaluation, marketing and 
increasing the availability of specific assets, such as Patents, 
technologies or customer relationships. A key element of this 
strategy is the availability of knowledge assets with 
measurable characteristics and their linkage with financial 
performance indicators of the company. 
  
Innovation and Knowledge Creation 
 
The focus on innovation and knowledge generation 
includes strengthening the knowledge management activities 
in the field of research and development of a company. Core 
is the creation of structures for the free knowledge generation 
and less dissemination of knowledge. 
 
4.2 General knowledge management approaches 
In addition to the just-described objectives of knowledge 
Figure 2 Preliminary decision model 
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management general approaches for knowledge management 
projects exist. DAVENPORT ET AL. established a 
classification of these projects in four types [26]. These 
projects represent a pragmatic view of knowledge 
management and include specific approaches to the 
implementation and support of knowledge management in 
different companies. 
 
Improve Knowledge Access 
 
Projects with the aim to improve access to knowledge 
reflect the fact that it is difficult to identify the person with the 
correct or required knowledge. The focus is not the 
accessibility of knowledge in centralized systems, but 
speeding up and simplifying the exchange of knowledge 
between employees or departments in these projects. For this 
purpose so-called expert networks are created. The experts 
who are in these networks can be both internal and external 
employees. The aim of these networks is to simplify the 
search for the right person. One hurdle with this approach is 
the willingness of experts to share knowledge. This is why 
they are often associated with monetary incentives. 
 
Create Knowledge Repositories 
 
The creation of knowledge databases to store knowledge is 
an essential approach of knowledge management. Three types 
of databases can be distinguished. Databases, with mainly 
external knowledge, such as competitive intelligence, serve 
the sales and corporate strategy. Furthermore, there are 
databases with internal knowledge, such as Development 
documents, technologies and methods information. These are 
used for internal improvement and as a basis for the 
development of new products. The third type is no databases 
in the classical sense. Rather, it is informal discussion 
platforms where interactive knowledge can be exchanged. 
This platform is widely used in service organizations where 
the personal exchange between employees is limited. A form 
of implementation can be a Wiki system.  
Enhance Knowledge Environment 
 
This type of knowledge management projects has the goal 
to create an environment which influences the generation, 
distribution and use of knowledge positively. It may be 
general cultural aspects in dealing with knowledge of interest, 
which are developed in change projects towards a culture of 
knowledge sharing. In addition, knowledge management 
processes can be target of such projects to establish uniform 
procedures in process-oriented organizations. 
 
Manage Knowledge as an Asset 
 
Projects with the aim to manage knowledge as an asset are 
eager to assess knowledge as intellectual capital of the 
company and therefore to quantify. This may on the one hand 
a better representation of the value especially knowledge-
intensive companies succeed, on the other hand, the success 
of knowledge generation in this way are presented and 
knowledge management can be controlled. Mostly this 
observation is restricted to specific, well-detectable assets, 
such as patents. Succeed this review, the effectiveness of 
knowledge management can be improved. 
 
4.3 Expert-based evaluation of knowledge management 
objectives and approaches 
The targets and projects of knowledge management 
described above are part of the decision model to be 
developed. To derive decisions on meaningful projects an 
expert study was conducted. The aim of this study is to 
evaluate the individual projects in terms of their relevance to 
the knowledge management targets. A total of eight experts 
were consulted from the field of knowledge management. 
Prerequisite for the survey were at least 2 years’ experience 
explicitly in the implementation of knowledge management 
projects. Experts from academia, consulting firms and 
industrial companies were addressed. The survey was 
conducted as a combination of structured questionnaires and 
semi-structured follow-up interviews. In the structured 
Table 1 Normalized results of expert study 
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questionnaire the suitability of the projects was evaluated for 
each knowledge management goal on a seven-point Likert-
scale. Here, for each project two questions (items) were used. 
From the arithmetic mean of both scale values the resulting 
evaluation of the project was determined (Fehler! 
Verweisquelle konnte nicht gefunden werden.). Fehler! 
Verweisquelle konnte nicht gefunden werden. includes the 
results per project in normalized representation (normalized to 
the span of the overall results). 
In the context of the overall TCM goals the KM targets 
Transfer of knowledge and best practices, Customer focused 
KM and Innovation and knowledge creation appear to be most 
relevant. This is why the results of these targets are discussed 
in the following.  
For the purpose of knowledge transfer and best practices, 
the experts evaluate in particular the improvement of access to 
knowledge and the knowledge environment as key projects. 
The results for creation of knowledge repositories and 
management of knowledge as an asset are significantly lower.  
For customer focused knowledge management generally a 
more balanced distribution of projects can be observed. As 
most relevant the projects improvement knowledge access and 
create knowledge repositories are seen. Enhancing knwoledge 
environment and management of knowledge as an asset have 
a significantly lower results.  
The project profile for innovation and knowledge creation 
is similar to the profile for transfer of knowledge and best 
practices. Also for this target, the improvement of access to 
knowledge is the most pronounced. The management of 
knowledge as an asset plays the least important role.  
5. Summary 
The considerations and results of the expert study on the 
general targets and projects in knowledge management show 
different profiles of projects, depending on the target. These 
profiles serve as a basis for the development of strategies for 
the long-term knowledge transfer to the product development 
phase. General distinctions for those strategies can be made 
between codified and personalized strategies. The displayed 
decision model can be simplified on the basis of the results 
and will be completed by the relevant CFM targets, which 
were not in the scope of this paper. A completed decision 
model can pave the way to a better structured transfer of 
complaint and failure knowledge to product development and 
ramp-up. 
Acknowledgements 
The support of the German National Science Foundation 
(Deutsche Forschungsgemeinschaft DFG) through the funding 
of the research training group “Ramp-Up Management – 
Development of Decision Models for the Production Ramp-
Up” (1491/2) is gratefully acknowledged. 
References 
[1] Senge PM. The Fifth Discipline. 1st ed. New York. Currency, 1990.  
[2] Johnston R. Linking complaint management to profit. International 
Journal of Service Industry Management. Vol. 12. Iss. 1. 2001. pp. 60-69. 
[3] Fürst A. Effektivität und Effizienz der Gestaltung des 
Beschwerdemanagements. Eine empirische Analyse. Marketing ZFP. 
Vol. 30. No.1. 2008. pp. 29–45. 
[4] Linder A, Schmitt R. Data-oriented technical complaint management for 
sustainable problem solution. Procedia CIRP.  Vol. 29.  2015. pp. 591 – 
596. 
[5] Schmitt R, Linder A. Technical complaint management as a lever for 
product and process improvement. CIRP Annals - Manufacturing 
Technology. Vol. 62. 2013. pp. 435–438. 
[6] Ellouze W. Entwicklung eines Modells für ein ganzheitliches 
Fehlermanagement. Dortmund. 2007. 
[7] Beaujean P. Modular gestaltetes reaktives Qualitätsmanagement auf 
Grundlage regelungstechnischer Analogien zur Nutzung 
qualitätsrelevanter Daten. Aachen. 2011. 
[8] Schmitt R. Pfeifer T. Qualitätsmanagement. Strategien, Methoden, 
Techniken. 4. Aufl Aufl. [s.l.]: Carl Hanser Fachbuchverlag. 2010. 
[9] Orendi G. Systemkonzept für die phasenneutrale Fehlerbehandlung als 
Voraussetzung für den Einsatz präventiver Qualitätssicherungsverfahren. 
Ein Beitrag zur Qualitätssicherung im Maschinen- und Anlagenbau. Als 
Ms. gedr Aufl. Aachen: Shaker. 1993. 
[10] Laschet A. Konzeption eines Fehlerinformations- und -
bewertungssystems. Ein Beitrag zur Ermittlung und Reduzierung des 
Fehlleistungsaufwands in Unternehmen. Aachen. 1995. 
[11] Opitz H. Die richtige Sachnummer im Fertigungsbetrieb. Eine Basis für 
Rationalisierungsmassnahmen im Rahmen der Auftragsabwicklung. 
Essen: W. Girardet. 1971. 
[12] Plach A. Entwicklung einer expertenbasierten Fehlermanagement-
Methode. Bayreuth: Shaker. 2011. 
[13] Kiratli G. Konzept und Realisierung eines wissensbasierten Systems zur 
Diagnose und Bedienunterstützung bei komplexen 
Fertigungseinrichtungen. Aachen. 1989. 
[14] Hornauer H. Beitrag zu einem Fehlerkatalog - Fehler beim Herstellen 
von Formteilen mittels Verfahren des Umformens und Trennens. Blech. 
(6). No. 3. 1959. pp. 107–120. 
[15] Ebner C. Ganzheitliches Verfügbarkeits- und Qualitätsmanagement unter 
Verwendung von Felddaten. Berlin, New York: Springer. 1996. 
[16] Rütthard N. Rechnerunterstützter Erfahrungsrückfluß in der Prozeßkette 
der Blechteilefertigung und -verarbeitung. Als Ms. gedr Aufl. Hannover: 
VDI-Verl. 2001. 
[17] Chiew V. Wang Y. Formal Description of the Cognitive Process of 
Problem Solving. In: Proceedings August 2004. Victoria, British 
Columbia, Los Alamitos, Calif.: IEEE Computer Society. 2004. pp. 74–
83. 
[18] Goldszmidt M. Malek M. Nadjm-Tehrani S. Narasimhan P. Salfner F. 
Ward P. Wilkes J. Towards a Holistic Approach to Fault Management. 
In: Petre, L.; Sere, K.; Troubitsyna, E. (Publ.): Dependability and 
Computer Engineering: IGI Global. 2012. pp. 1–10. 
[19] Hirmanpour I. Schofield J. Defect management through the personal 
software process. In: Crosstalk, The Journal of Defense Software 
Engineering, September. 2003. pp. 17–20. 
[20] Scheel T. Hausmann U. Impact of error management culture on 
knowledge performance in professional service firms. In: Horizons of 
Psychology. (22). 2013. pp. 66–79. 
[21] van Dyck C. Frese M. Baer M. Sonnentag S. Organizational error 
management culture and its impact on performance: a two-study 
replication. In: The Journal of applied psychology. (90), No. 6, 2005. pp. 
1228–1240. 
[22] Effey T. Schmitt R. Efficient analysis, handling and use of customer 
complaints. In: ElMaraghy (Ed.) 2012 – Enabling Manufacturing 
Competiveness and Economic Sustainability. Springer. Berlin. pp. 476-
481. 
[23] Kristes D. Produktbezogenes Beschwerdemanagement. RWTH Aachen 
University. Aachen. 2012. 
[24] Menon A, Varadarajan P. A Model of Marketing Knowledge Use Within 
Firms, In: Journal of Marketing, Vol. 56. No. 4. 1992. pp. 53-71. 
[25] Schulte S. Integration von Kundenfeedback in die Produktentwicklung 
zur Optimierung der Kundenzufriedenheit. Ruhr-Universität Bochum. 
2006. 
[26] Davenport T H. De Long D D. Beers M C. Successful Knowledge 
Management Projects. Sloan Management Review. Winter 1998. pp. 43-
47. 
[27] O’Dell C. Wiig K. Odem P. Benchmarking unveils emerging knowledge 
management strategies. Benchmarking: An International Journal. Vol. 6. 
No. 3. 1999. pp. 202-211. 
 
